Introduction
Salen-type N 2 O 2 ligands are easily obtained via the reaction of salicylaldehyde or its derivatives with diamines, can coordinated to transition metal ions in a N 2 O 2 tetradentate chelating mode to form stable mono-or multinuclear complexes [1] [2] [3] [4] [5] [6] . Salen-and salamo-type complexes have been extensively investigated in organometallic chemistry and modern coordination chemistry for several decades [7] [8] [9] [10] [11] , their complexes are well-known for their potential applications in many areas, such as catalysts [12, 13] , biological fields [14] [15] [16] [17] [18] [19] [20] [21] , supramolecular buildings [22] [23] [24] [25] [26] , molecular recognitions [27] [28] [29] [30] [31] , magnetic [32] [33] [34] [35] [36] [37] and luminescence [38] [39] [40] [41] [42] [43] [44] [45] materials and so forth. Self-assembling processes of a metallohost complex with auxiliary organic ligands are usually utilized in the building of metal-organic framework (MOF) materials [46, 47] . When 3-alkoxy groups are introduced of salicylidene moieties, an O 4 coordination site composed of the alkoxy and phenoxo oxygen atoms are produced in addition to the N 2 O 2 site [48] [49] [50] [51] . The O 4 site of 3-alkoxy-induced Salen-type ligand is suitable for lanthanide(III) atoms to prepare 3d-4f heteronuclear complexes. These 3d-4f heterobimetallic Salen-type complexes have been diffusely studied [14, 34, 37, 44] in which acetate (OAc -) combine plays a key role in assembling 3d and 4f metals [52] , however, 3d-4f heterobimetallic Salamo-type complexes have been rarely reported, especially the auxiliary ligands were introduced [53] .
Synthesis of the Zn II -Eu III Complex
To a solution of H 2 L (7.20 mg, 0.02 mmol) in CHCl 3 (3 mL) was added Zn(OAc) 2 ·2H 2 O (4.39 mg, 0.02 mmol) and EuCl 3 ·6H 2 O (7.33 mg, 0.02 mmol) in CH 3 CH 2 OH (2 mL). After the mixture was stirred for about 15 min at r.t., a solution of H 2 bdc (3.32 mg, 0.02 mmol) in DMF (1 mL) was added dropwise and continued to stir for 15 min. The mixture was filtered, and the filtrate was obtained. 
X-ray Crystal Structure Determinations for the Zn II -Eu III Complex
The single crystal diffractometer provides a monochromatic beam of Mo-Kα radiation (0.71073 Å) produced from a sealed Mo X-ray tube using Graphite monochromator and was used for obtaining crystal data for the Zn II -Eu III complex at 291(2) K, respectively. The LP factor and semi-empirical absorption were using SADABS. The structures of the Zn II -Eu III complex were solved via the direct methods (SHELXS-2016) [55] , and all hydrogen atoms were included at the calculated positions and constrained to ride on their parent atoms. All non-hydrogen atoms were refined anisotropically using a full-matrix least-squares procedure on F 2 with SHELXL-2016 [56] . In the X-ray structure refinement, however, the solvent molecules of the complex could not be located because of its high thermal disorder, and the final structure model was refined without the solvent molecules by using a SQUEEZE routine of PLATON. Table 1 shows the data collection and refinements of the Zn II -Eu III complex. Supplementary crystallographic data for this paper have been deposited at Cambridge Crystallographic Data Centre (1, 828, 198) and can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html. The single crystal diffractometer provides a monochromatic beam of Mo-Kα radiation (0.71073 Å) produced from a sealed Mo X-ray tube using Graphite monochromator and was used for obtaining crystal data for the Zn II -Eu III complex at 291(2) K, respectively. The LP factor and semi-empirical absorption were using SADABS. The structures of the Zn II -Eu III complex were solved via the direct methods (SHELXS-2016) [55] , and all hydrogen atoms were included at the calculated positions and constrained to ride on their parent atoms. All non-hydrogen atoms were refined anisotropically using a full-matrix least-squares procedure on F 2 with SHELXL-2016 [56] . In the X-ray structure refinement, however, the solvent molecules of the complex could not be located because of its high thermal disorder, and the final structure model was refined without the solvent molecules by using a SQUEEZE routine of PLATON. Table 1 shows the data collection and refinements of the Zn II -Eu III complex. Supplementary crystallographic data for this paper have been deposited at Cambridge Crystallographic Data Centre (1, 828, 198) and can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html. 
Results and Discussion

IR Spectra
The IR spectra of H 2 L and its corresponding Zn II -Eu III complex exhibited different bands in the region of 4000-400 cm −1 region (Table 2 ). It is obvious that the ν(O-H) absorption band was near 3131 cm −1 in the spectrum of H 2 L. The free ligand exhibited a characteristic C=N stretching band at 1618 cm −1 , while the Zn II -Eu III complex appeared at 1607 cm −1 . The characteristic C=N stretching frequency is shifted to lower frequency, which indicating that the metal(II) atoms are bonded by oxime N atoms [57] . The Ar-O stretching frequencies appeared as a strong band within 1265-1213 cm -1 range as reported for similar Salen-type ligands [58] . Meanwhile, the free ligand H 2 L exhibited an Ar-O stretching frequency at 1253 cm −1 , while the Zn II -Eu III complex appeared at 1217 cm −1 , the Ar-O stretching frequency is shifted to lower frequency, indicating that the M-O bonds are formed [59] . In addition, characteristic absorption bands of the carboxylato ions are observed, the absorption bands ν as (COO -) and ν s (COO -) of the Zn II -Eu III complex are 1572 and 1468 cm -1 , respectively, indicating the bidentate coordination mode of carboxylato ions [60] , which is in consistent with the X-ray diffraction result obtained for the Zn II -Eu III complex. 
UV-Vis Spectra
UV-Vis absorption spectra of H 2 L and its corresponding Zn II -Eu III complex were determined in 3.0 × 10 −5 M methanol solution, as depicted in Figure 1 . The absorption spectrum of the Zn II -Eu III complex is different from that of H 2 L. UV-Vis spectrum of H 2 L exhibited three absorptions at ca. 224, 270 and 318 nm. The absorptions at 224 and 270 nm can be assigned to π-π* transitions of the benzene rings, while the absorption at 318 nm can be attributed to π-π* transition of C=N groups [61] . Compared with the absorption peak of H 2 L, the corresponding absorption peaks at ca. 233 and 279 nm are observed in the Zn II -Eu III complex, which were bathochromically shifted, indicating the coordination of metal atoms with the ligand [62] . Meanwhile, a new absorption peak was observed at ca. 352 nm in the Zn II -Eu III complex, and assigned to L→M charge-transfer (LMCT) transitions, which is characteristic of the transition metal complexes with Salen-type N 2 O 2 coordination spheres [63] . 
Description of the Crystal Structure
The crystal structure of the heterohexanuclear Zn II -Eu III complex is depicted in Figure 2 and Table 3 , the crystallographic data revealed that the Zn II -Eu III complex crystallizes in the triclinic space group P-1 with Z = 1. By the reaction of H2L with Zn(OAc)2·2H2O, EuCl3·6H2O and H2bdc, a heterohexanuclear Zn II -Eu III complex is formed: [{(ZnL)2Eu}2(bdc)2]·2Cl, the molecular structure of the Zn II -Eu III complex composes of four Zn II atoms, two Eu III atoms, four deprotonated (L) 2-ligands, two auxiliary ligand bdc 2-moieties. Each Zn II atom (Zn1 or Zn2) is located at the N2O2 coordination spheres of Salamo moieties, they are penta-coordinated by two oxime nitrogen (N1, N2 or N3, N4) atoms, two deprotonated phenoxo-oxygen (O2, O5 or O8, O11) atoms of the (L) 2− units and one oxygen (O16 or O13) atom comes from the coordinated terephthalic acid molecule. The coordination environment around all the Zn II atoms are best described as slightly distorted triangular bipyramid geometries [64] , which were deduced by calculating the values of τ1 = 0.539 and τ2 = 0.6125 [65] , respectively. The equatorial coordination sites with the distances of N2-Zn1 = 2.046(5) Å, O2-Zn1 = 2.000(4) Å and O16-Zn1 = 1.983(4) Å, and the axial position with the distances of O5-Zn1 = 2.052(4) and N1-Zn1 = 2.116(5) Å (Table 3 ). The dihedral angle between coordination planes of N1-Zn1-O2 and N2-Zn1-O5 is 51.84(5)°. The dihedral angle between coordination planes of N1-Zn2-O2 and N2-Zn2-O5 is 55.37(2)°.
In addition, the central Eu III atom is located in a deca-coordinated O10 environment, the coordination sphere of the central Eu III atom contains eight oxygen atoms (O1, O2, O5, O6 and O7, O8, O11, O12) from two deprotonated (L) 2-units and two oxygen atoms (O14 and O15) comes from the coordinated bdc 2-ions. Thus, the deca-coordinated Eu III atom adopts a distorted bicapped square antiprism coordination arrangement. The primary Eu-O distances are in the normal ranges of 2.378(4)-2.844(4) Å (Table 3 ). The dihedral angle between the O2-Zn1-O5 and O2-Eu1-O5 planes is 32.41(4)°. 
The crystal structure of the heterohexanuclear Zn II -Eu III complex is depicted in Figure 2 and coordination spheres of Salamo moieties, they are penta-coordinated by two oxime nitrogen (N1, N2 or N3, N4) atoms, two deprotonated phenoxo-oxygen (O2, O5 or O8, O11) atoms of the (L) 2− units and one oxygen (O16 or O13) atom comes from the coordinated terephthalic acid molecule. The coordination environment around all the Zn II atoms are best described as slightly distorted triangular bipyramid geometries [64] , which were deduced by calculating the values of τ 1 = 0.539 and τ 2 = 0.6125 [65] , respectively. The equatorial coordination sites with the distances of N2-Zn1 = 2.046(5) Å, O2-Zn1 = 2.000(4) Å and O16-Zn1 = 1.983(4) Å, and the axial position with the distances of O5-Zn1 = 2.052(4) and N1-Zn1 = 2.116(5) Å (Table 3 ). The dihedral angle between coordination planes of N1-Zn1-O2 and N2-Zn1-O5 is 51.84(5) • . The dihedral angle between coordination planes of N1-Zn2-O2 and N2-Zn2-O5 is 55.37 (2) • .
In addition, the central Eu III atom is located in a deca-coordinated O 10 environment, the coordination sphere of the central Eu III atom contains eight oxygen atoms (O1, O2, O5, O6 and O7, O8, O11, O12) from two deprotonated (L) 2-units and two oxygen atoms (O14 and O15) comes from the coordinated bdc 2-ions. Thus, the deca-coordinated Eu III atom adopts a distorted bicapped square antiprism coordination arrangement. The primary Eu-O distances are in the normal ranges of 2.378(4)-2.844(4) Å (Table 3 ). The dihedral angle between the O2-Zn1-O5 and O2-Eu1-O5 planes is 32.41(4) • . 160.75 (11) As depicted in Figure 3 and Table 4 , In the crystal structure of the Zn II -Eu III complex, five pairs of intramolecular C1-H1B···O8, C9-H9A···O16, C19-H19B···O2, C36-H36B···O15 and C43-H43···O13 interactions are formed [66] [67] [68] , which plays a vital role in constructing and stabilizing the complex molecule. The donors (C1-H1B and C19-H19B) from 3-methoxy of the (L) 2-units form hydrogen bonding with oxygen atoms (O8 and O2) of phenoxo-oxygen of the (L) 2-units as hydrogen bonding receptors. The donors (C9-H9A and C36-H36B) from the (L) 2-units form hydrogen bonding with oxygen atom (O16 and O15) of the bdc 2− moiety as hydrogen bonding receptor. The donor (C43-H43) from bdc 2− moiety formed hydrogen bonding with oxygen atom (O13) of bdc 2− moiety as hydrogen bonding receptor. 160.75 (11) As depicted in Figure 3 and Table 4 , In the crystal structure of the Zn II -Eu III complex, five pairs of intramolecular C1-H1B···O8, C9-H9A···O16, C19-H19B···O2, C36-H36B···O15 and C43-H43···O13 interactions are formed [66] [67] [68] , which plays a vital role in constructing and stabilizing the complex molecule. The donors (C1-H1B and C19-H19B) from 3-methoxy of the (L) 2- 
Luminescence Spectra
The luminescence spectra of H 2 L and its Zn II -Eu III complex were measured in 3.0 × 10 −5 M methanol solution (Figure 4) . The ligand H 2 L exhibited an intense emission peak at ca. 442 nm upon excitation at 352 nm which should be assigned to intra-ligand π-π* transition [69, 70] . The Zn II -Eu III complex showed slightly weak photoluminescence with maximum emission at ca. 445 nm upon excitation at 352 nm. In the luminescence spectra, only a band at ca. 375-650 nm instead of the f-f emission expected for Eu III ions [71] . In the Zn II -Eu III complex, the emission from Eu III is quenched which may due to thermal quenching of the 5 
The luminescence spectra of H2L and its Zn II -Eu III complex were measured in 3.0 × 10 −5 M methanol solution (Figure 4 ). The ligand H2L exhibited an intense emission peak at ca. 442 nm upon excitation at 352 nm which should be assigned to intra-ligand π-π* transition [69, 70] . The Zn II -Eu III complex showed slightly weak photoluminescence with maximum emission at ca. 445 nm upon excitation at 352 nm. In the luminescence spectra, only a band at ca. 375-650 nm instead of the f-f emission expected for Eu III ions [71] . In the Zn II -Eu III complex, the emission from Eu III is quenched which may due to thermal quenching of the 5 D0 level of Eu III by LMCT process [72] . The concentration of H2L and its Zn II -Eu III complex used are all 3.0 × 10 −5 M, indicating that the relative strengths of H2L and its Zn II -Eu III complex are independent of the concentration. 
Conclusions
In summary, a new heterohexanuclear Zn II -Eu III dimer was synthesized and characterized. In the Zn II -Eu III complex, there are two crystallographically equivalent [(ZnL)2Eu] moieties which are linked by two bdc 2-auxiliary ligand leading to a heterohexanuclear dimer. The Zn II atom possesses a penta-coordinated environment and adopts a slightly distorted triangular bipyramid geometry and the deca-coordinated Eu III atom adopts a distorted bicapped square antiprism. In addition, the luminescence spectrum of the Zn II -Eu III complex indicated that the coordination of Eu III atoms led to the fluorescence quenching of H2L. 
In summary, a new heterohexanuclear Zn II -Eu III dimer was synthesized and characterized. In the Zn II -Eu III complex, there are two crystallographically equivalent [(ZnL) 2 Eu] moieties which are linked by two bdc 2-auxiliary ligand leading to a heterohexanuclear dimer. The Zn II atom possesses a penta-coordinated environment and adopts a slightly distorted triangular bipyramid geometry and the deca-coordinated Eu III atom adopts a distorted bicapped square antiprism. In addition, the luminescence spectrum of the Zn II -Eu III complex indicated that the coordination of Eu III atoms led to the fluorescence quenching of H 2 L.
